The median effective dose (ED 50 ) of a drug gives the amount or dose of drug needed to produce effective therapeutic response or desired effect in at least 50% of the population taking it. Our study focused on determining the ED 50 required for effective motor block using hyperbaric and plain bupivacaine, and evaluated the influence of baricity on the ED 50 required for motor block.
Background
Spinal anesthesia can offer profound and symmetrical sensory and motor block of high quality. Therefore, it is widely used in not only cesarean sections but also lower-extremity and urology surgery. This is because assessing motor nerve block is relatively objective, unlike accessing sensory nerve block. Therefore, many researchers opted to assess motor block to estimate the relative potency of various local anesthetics with the help of the up-down sequential allocation technique, which is widely used in regional anesthesia [1] [2] [3] .
Previous studies, using the same method, determined the effects of the age of patients and the concentration of local anesthetics on the ED 50 , the median effective dose required for effective motor block, using anesthetics such as bupivacaine and ropivacaine [4] [5] [6] [7] . These studies were different from the other studies that compared different local anesthetics. The ED 50 for motor block was different for different age groups of patients and different concentrations of plain bupivacaine or ropivacaine [4] [5] [6] [7] . Some studies also found that the baricity of local anesthetics administered intrathecally influenced their anesthetic effect [8, 9] . This study hypothesized that the baricity of bupivacaine might affect the ED 50 required for effective motor block in spinal anesthesia. The aim of this study was to determine the ED 50 required for effective motor block in spinal anesthesia using both hyperbaric and isobaric bupivacaine, by which we can assess the effect of baricity of bupivacaine on the ED 50 required for effective motor block.
Material and Methods
Our study enrolled 38 adult patients (aged 30-55 years; graded as American Society of Anesthesiologists physical status I-II) undergoing lower-limb or trans-urethral resection of prostate (TURP) from March 10 to May 8, 2016 , at China Three Gorge University's First College of Clinical Medical Science. The patients were randomly assigned into 2 groups: group H (0.5% hyperbaric bupivacaine) and group P (0.5% plain bupivacaine). The study was approved on July 8, 2014 by the local Ethics Committee of China Three Gorges University's First College of Clinical Medical Science. From all the enrolled patients, a written informed consent was obtained after clearing all their requirements related to it.
All the patients were administered combined epidural-spinal anesthesia. The exclusion criteria were as follows: patients having lumbar vertebrae abnormality, abnormal coagulation, diabetes, obesity, hypersensitivity to amide local anesthetics, and neuromuscular diseases.
The patients fasted for 8 h and were not given any premedication before anesthesia. They were given 500 mL of Ringer lactate solution intravenously. Using a 16-guage Tuohy needle, we administered the combined epidural-spinal anesthesia at the level of L3/4 interspace, positioning the patient in the left lateral decubitus position. To ensure accuracy in drug delivery, we followed the loss of resistance to air technique so that the tip of the Tuohy needle was correctly inserted into the epidural space, and the dura was punctured with a 25-gauge Whitacre spinal needle and inserted through the Tuohy needle. The research drug was immediately injected through the Whitacre spinal needle at the rate of 0.1 ml/s when the cerebrospinal fluid (CSF) appeared at the tip of the spinal needle. When the intrathecal drug injection was completed, a 3-cm epidural catheter was placed towards cephalad direction, and the patient was made to adopt supine position without delay. The surgical positioning of the patient was adjusted as needed.
The study solutions, 0.5% and 0.75% plain bupivacaine, were purchased from Zhaohui Company (Shanghai, China). In group P, plain solutions of 0.5% bupivacaine were directly used, while in group H, 0.5% hyperbaric bupivacaine was used, which was prepared by mixing 0.75% plain bupivacaine (2 mL) with 1 mL of 10% glucose as a diluent. As shown in previous studies, 0.5% plain bupivacaine was considered as hypobaric at 37°C [10] , and 0.5% plain bupivacaine in 8% glucose (1.024 g/mL) was considered as hyperbaric at 20°C, compared with the density of CSF [11] . The anesthetic solution used in the present study was similar to those used in previous studies, and the doses were changed according to Dixon's up-and-down sequential allocation method [12] .
The first patient of each group was given a dose of 7.50 mg 0.5% plain or hyperbaric bupivacaine, and 1.0 mg bupivacaine was used as the testing interval for both the groups, as shown in previous studies [4] [5] [6] . The dosages of bupivacaine for the next patient in both groups were defined by the scores of the previous patient of the same group, which was assessed using the modified Bromage scale [13] and the hip motor function scale [14] every minute for the first 5 min and then on the 10th min after bupivacaine was injected intrathecally (Table 1) .
A stopwatch was started at the time of injecting bupivacaine intrathecally. Scores of motor block were considered to be the primary endpoint. According to the Bromage method [13] , if the scores equaled 0 in both legs within 5 min, it was not acceptable and was categorized as a failure, and the dose of bupivacaine was increased by 1.0 mg in the next listed patient of the same group. However, if the scores were more than 0 in either leg within 5 min, it was considered a success, and the dose of 0.5% bupivacaine in the next patient of the same group was decreased by 1.0 mg. The midpoint of crossover from failure to success was considered an effective tool in estimating the ED 50 for motor block. Paul and Fisher stated that the study was completed when the crossover was more than 6 pairs [15] .
Two anesthesiologists and 1 nurse were involved in this study. One anesthesiologist was responsible for the whole procedure in all the patients; the second anesthesiologist, who was unaware of the treatment groups, was responsible for assessing motor and sensory blocks; and the nurse helped in preparing fresh local anesthetics and recorded the data. The anesthesiologist who performed the puncture frequently asked the patients how they felt. The patients were informed before injecting the anesthetics. They were advised to report whenever they felt hot on the sacral or lower extremities or had a very fast pulse in the thumb, and the time of response was recorded as the onset of anesthesia after injecting intrathecal bupivacaine. If the patient felt the sensation, the local anesthetic was considered to be injected into the subarachnoid space accurately. Patients without such a feeling were excluded from the study, and the next patient listed in the same group was administered the same dose. An alcohol tab was used in the midaxillary line to test the highest level of anesthesia. The duration of motor block was assessed according to the scores of either leg (Bromage score <2) and recorded.
If the dose of intrathecal anesthesia was found inadequate for the operation or procedure, 2% lidocaine 3 mL was given through the epidural catheter and another 3~5 mL lidocaine was added through epidural catheter for achieving a satisfactory anesthesia level. Patients who could not endure the whole procedure were shifted to general anesthesia immediately. We also noted the patients who required local and general anesthesia. Anesthesiologists and patients were blinded to the anesthetics used, and the same anesthesiologist completed the whole study.
During the whole procedure, the heart rate and blood pressure of the patients were monitored using an instrument (Datex-Ohmeda, Helsinki, Finland). If there was a more than 30% decrease in systolic blood pressure of the pre-anesthetic value or less than 90 mm Hg systolic, 5 or 10 mg of ephedrine was administered intravenously. If the heart rate of the patients decreased to 55 beats/min, 0.25 mg of atropine sulfate was immediately injected.
The study data were analyzed using SPSS 17.0 software (SPSS Inc., IL, USA). Means (standard deviation) were expressed as demographic data, and the anesthesia levels were used as median (range). Comparisons of 2 means were analyzed by the independent-samples t test. The ED 50 was estimated from the up-and-down sequences by using the method of Dixon and Massey [16] and logistic regression. The mean dosage was determined from the midpoints of all independent pairs of patients involving a crossover from failure to success. According to the Paul and Fisher's method [15] , patients were enrolled until 6 pairs were obtained. A P value <0.01 was considered significant statistically.
Results
Demographic data between the groups were similar (Table 2) . There was a total of 38 patients successfully punctured, and the research drug was correctly injected into the subarachnoid space. Operations were completed successfully in all the patients. One patient in each group needed an epidural supplement drug because of the longer duration of surgery; therefore, the analysis of motor block duration excluded these. The patients had no adverse effects such as headache or back pain.
The motor nerves of most patients were completely blocked 10 min after the spinal injection; however, they were not blocked completely in 3 patients in group H and 1 patient in group P during the whole procedure (Bromage scale <2). Motor block scores in bilateral legs were similar in group P, but not in group H. Five patients in group H did not show complete motor block in the unilateral leg during surgery, and these were excluded from the analysis of motor block duration. In these 2 groups, the discrepancy in the duration of motor block was obvious (Table 2 ).
According to the Dixon and Massey formula (16), the ED 50 for effective motor block with spinal bupivacaine was at the dose of 7.20 mg [95% confidence interval (CI), 6.64-7.81 mg] and 10.05 mg (95% CI, 8.80-11.49 mg) in groups H and P, respectively (Table 3, Figure 1 ). Hyperbaric bupivacaine is estimated to be more potent than plain bupivacaine at the ED 50 dose, with a potency ratio of 0.72 (95% CI 0.12, 0.97). Potency ratios obtained after probit regression show very similar results in most cases. 
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The maximum sensory level of the patients was T 12 (T 6 , L 4 ) dermatomes after 5 min and T 11 (T 5 , L 1 ) dermatomes after 10 min in group H, and T 12 (T 6 , L 4 ) dermatomes after 5 min and T 11 (T 6 , L 2 ) dermatomes after 10 min in group P, excluding patients administered epidural supplemental drugs (Table 4) .
One patient each in group H and P needed ephedrine because of hypotension; however, the hemodynamic parameters were stable in the other patients.
Discussion
This is the first study in adults which specifically assessed the motor block potencies of 2 different forms of bupivacaine. We have shown that the ED 50 for spinal anesthesia in adults with hyperbaric bupivacaine and plain bupivacaine are 7.20 mg and 10.05 mg, respectively, which indicates that the potency ratio is 0.72 (95% CI, 0.12,0.97) for hyperbaric bupivacaine/plain bupivacaine. Our study concludes that at ED 50 doses, hyperbaric Table 2 . Group characteristics and demographic data for all patients.
Data are reported as mean ±SD. Comparisons of 2 means were analyzed by the independent-samples t test. * The differences between groups were significant (P<0.01). 
Group
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bupivacaine is estimated to be more potent than plain bupivacaine; more specifically, it concludes that the ED 50 of plain bupivacaine is 40% larger than hyperbaric bupivacaine.
This discrepancy might be explained as follows: First, the onset of anesthesia using hyperbaric bupivacaine was faster than that using plain bupivacaine. The primary endpoint of the motor block was set 5 min after the intrathecal injection, which meant that the maximum effect of motor block was produced by hyperbaric bupivacaine, and not by plain bupivacaine, within 5 min. Second, hyperbaric bupivacaine might have strengthened the action of motor block and reduced the requirement of local anesthetics.
Many researchers successfully used the up-and-down sequential allocation technique for building a clinical model to evaluate the relative potencies of local anesthetics and determined the ED 50 of the minimum local anesthetic dose for motor block [17, 18] . This proved to be an extremely useful tool to determine the ED 50 because it requires only a few patients to complete the research, with the added advantage of focusing on all the sampling doses in the immediate vicinity of the ED 50 [18, 19] .
Previous studies also determined the ED 50 for motor block with different age groups of patients and different concentrations of local anesthetics using the afore-mentioned method.
The relative potency ratio of motor block for different baricities of bupivacaine was also determined. The ED 50 for motor block was affected not only by the age of patients and the concentration of local anesthetics, but also by the baricity of local anesthetics.
In a previous study, the ED 50 for effective motor block according to age was determined using 0.75% plain bupivacaine, which demonstrated that the ED 50 for motor block in younger patients (20-30 years) is 10.22 mg [4] . The ED 50 for motor block in this study with 0.5% plain bupivacaine was slightly lower (10.02 mg) compared with that in the previous study. This was because the patients were older (30-55 years) in the present study compared with that in the previous study (20-30 years) . Another reason was the discrepancy in the concentration of local anesthetics between the 2 studies.
This study speculated that compared with plain bupivacaine, relatively smaller doses of hyperbaric bupivacaine could have the same anesthetic effect, such as motor block. Previous studies demonstrated that the dose of an anesthetic determined the recovery of sensory and motor blocks [20] [21] [22] , and found obvious differences in the duration of motor block with 1 and 4 mL of 0.5% bupivacaine [23] . The duration of motor block in our current study was 96 min using hyperbaric bupivacaine and 280 min using plain bupivacaine, showing that the recovery of motor block was relatively faster using the hyperbaric bupivacaine solution in spinal anesthesia. The recovery of sensory block was similar to that of motor block. This may be beneficial for patients who do not require urological catheters.
In this study, the degree of motor block in bilateral legs was similar in group P, but not in group H. In group H, 5 patients did not show complete motor block in the unilateral leg during the entire period of surgery. This was because the onset of anesthesia was faster using hyperbaric bupivacaine than using plain bupivacaine. Although the patients were placed in a supine position as fast as possible after the intrathecal injection, the placement of the epidural catheter always took some time. The other reason was that hyperbaric bupivacaine had a tendency to accumulate downside because of its density. Therefore, a small quantity of local anesthetic acted on the upside motor nerves, and a larger quantity acted on the downside motor nerves, yielding different results in the 2 legs.
Some researchers [8] compared 0.5% hyperbaric and plain bupivacaine (4 mL) and found that hyperbaric bupivacaine attained the analgesia level faster, and the dermatomal level of complete sensory block bilaterally was higher than that obtained using plain bupivacaine. Moreover, the duration of sensory block using plain bupivacaine was obviously longer than that obtained using hyperbaric bupivacaine. The onset and intensity of motor block were similar between the 2 groups, but the duration of motor block was obviously shorter using hyperbaric bupivacaine than using plain bupivacaine.
This study also evaluated the onset of anesthesia depending on the individual's feeling after injecting bupivacaine intrathecally. The onset of anesthesia was found to be faster using hyperbaric bupivacaine than using plain bupivacaine. Reported data as median (range). L -at the level of Lumbar dermatome; T -at the level of thoracic dermatome.
